The one-loop contributions to the branching ratios for leptonic τ decays are calculated in the CP conserving 2HDM(II). We found that these one-loop contributions, involving both neutral and charged Higgs bosons, dominate over the tree level H ± exchange, the latter one being totally negligible for the decay into e. The analysis is focused on large tan β enhanced contributions to the considered branching ratios and we derive a simple analytical expression for one-loop contribution in this case. The leptonic branching ratios of τ have a large potential of constraining parameters of the model, being complementary to direct searches through Higgsstrahlung processes for h(H), and provide upper limits on Yukawa couplings for both light h and light A scenarios. In this work, we derive new lower limit on mass of M H ± as a function of tan β which differs significantly from what was considered as standard constraint based on the tree H ± exchange only. Interestingly we obtain also an upper limit on M H ± . For a SM-like h scenario, with heavy and degenerate additional Higgs bosons, one-loop corrections disappear.
Introduction
The mechanism of electroweak symmetry breaking is the most important unknown block in the description of elementary particle physics. The Standard Model (SM) incorporates the Higgs mechanism that breaks the electroweak symmetry spontaneously through a neutral scalar field with non-zero vacuum expectation value. In the minimal version of this mechanism one scalar SU(2) L doublet is required, providing one physical particle: the Higgs boson. The search of this particle is one of the main topics in high energy physics and current searches at LEP exclude SM Higgs bosons with masses below 114.1 GeV at 95% C.L. [1] . In this context, valuable information about the Higgs mass will come from analysis of precise measurements of electroweak observables. The result of these indirect searches gives an upper bound on the Higgs mass M H SM < 219 GeV at 95% C.L. [1] , that is of great importance for future searches.
Models with Two Higgs Doublets (2HDM) are the minimal extensions of the SM Higgs sector describing all high energy experimental data and providing new and rich phenomenology. These models can also be interpreted as effective theories describing low-energy physics in models with beyond the SM physics at higher scale. This is the case of the Minimal Supersymmetric Standard Model (MSSM) with heavy supersymmetric particles, that gives a 2HDM of type III at low energy. A CP-conserving 2HDM contains 5 physical Higgs bosons, two neutral scalars, h and H, one pseudoscalar A, and two charged Higgs bosons, H ± (see e.g. [2] ). The analysis of LEP direct searches for these Higgs bosons is more complicated than in the SM due to the number of free parameters involved and, in particular, the existence of a very light Higgs boson can not be excluded [1] . However, LEP data highly constrains the 2HDM parameter space excluding, for example, neutral Higgs bosons with masses below 40 GeV in the large tan β regime [4] .
In this context, indirect searches for 2HDM effects in electroweak observables will provide important information about the values of masses and mixing angles in the Higgs sector. For example, concerning the charged Higgs, a lower bound M H ± > 490 GeV can be set using indirect effects on b → sγ [5] , to compare with M H ± > 75. 5 GeV coming from direct LEP searches [6] . In order to explore the whole parameter space, global fits using different electroweak observables ρ, R b and b → γ [7, 8] (and also (g − 2) µ in [8] ), have been made, constraining large regions of the parameter space.
In this work, the study of one-loop 2HDM effects in leptonic τ decays is performed without any assumption on the Higgs spectrum, generalising the result from [9] . It will be seen that this radiative effects are larger that the 2HDM tree-level effects in the relevant regions of parameter space and experimental data will be used to derive new constrains in Higgs masses and mixing angles.
The paper is organised as follows. In Sect. 2 a short description on the 2HDM properties, together with experimental searches on Higgs bosons is performed. In Sect. 3 and 4 the leptonic τ decay data is compared with the SM prediction and the 2HDM contributions to these decays are parameterised. The one-loop 2HDM(II) effects are computed in Sect. 5 while their numerical analysis is performed in Sec. 6. Finally, in Sect. 7 we derived the constrains on the 2HDM(II) parameters coming from leptonic τ decay data analysis and our conclusions are summarised in Sect. 8.
2HDM

General properties
The Two-Higgs-Doublet Model (2HDM) is the simplest extension of the Standard Model with one extra scalar doublet. It contains three neutral and two charged Higgs bosons. Here we consider a simple CP conserving version with a soft Z 2 -violation, assuming the Yukawa interaction according to the Model II, as in MSSM. In this model one of the Higgs scalar doublet couples to the up-components of isodoublets while the second one to the down-components. In this case there are 7 parameters describing the Higgs Lagrangian: four masses for h, H, A and H ± , two mixing angles α and β (used in form sin(β − α) and tan β = v 2 /v 1 ), and the ν-parameter, related to the soft-Z 2 violating mass term in the Lagrangian. This ν-parameter describes the Higgs selfcouplings if they are expressed in terms of masses, we stress that non of these couplings are involved in this analysis explicitly.
An attractive possibility to consider is the one with the neutral Higgs bosons h similar to the SM one, while the others are much heavier. This scenario can be realised in two ways, depending on the value of the ν-parameter. For large ν the additional Higgs boson masses can be very large and there is a decoupling of these heavy bosons from known particles, i.e. effects of these additional Higgs bosons disappear if their masses are degenerate and tend to infinity, eg. in the γγh coupling. At small ν, the masses of such additional Higgs bosons are bounded from above by the unitarity constraints on Higgs selfcouplings. However, these additional Higgs bosons can be heavy enough, with masses say 600 GeV, to avoid observation even at next generation of colliders. In this scenario, some relevant effects can appear for the lightest Higgs boson [3, [10] [11] [12] .
Another interesting scenarios that will be intensively studied in this work are the ones with h or A lighter than the SM bound on the Higgs mass, 114 GeV. In particular the light A scenario is specially interesting for the description of (g − 2) µ data [13] [14] [15] . These scenarios are possible within a 2HDM(II), which allows for a low production rates for very light Higgs particles, as discuss below.
The couplings to fermions and to gauge bosons, relative to the corresponding ones in the SM,
, are presented in Table 1 .
and similarly for couplings to fermions [3] . 
Note, that for large tan β couplings to the charged leptons are enhanced. Note also, the for each neutral Higgs boson we have 
Experimental constraints on 2HDM
The most important constraints on the 2HDM(II) parameter space come from LEP direct searches of Higgs bosons. Concerning light neutral Higgs bosons production, there are three main processes within the energy range covered by LEP, namely, the Higgsstrahlung, e + e − → Z * → Zh, the associated production, e + e − → Z * → hA, and the Yukawa processes, e + e − → ff → ff h(A). The two first processes are highly complementary, due to their dependence on sin
2 the two-particle phase-space factor. The search for a light h through the Higgsstrahlung process has been performed assuming that the light Higgs boson decays into hadronic states [17] . The results of this analysis set an upper limit on the product of the cross section and the branching ratio as a function of the light Higgs mass and they can be translated into an upper limit on sin 2 (β − α) as a function of M h . This main result is drawn in Fig. 1 (left) [17] . Therefore, this analysis is compatible with an light h scenario (with mass below 114 GeV) if sin
Also upper limits on the cross section of the associated hA production process have been derived assuming 100% decays into hadrons [18] . These results can be translated into forbidden regions in the 2HDM(II) parameter space that, in particular, highly constrain a scenario with both h and A light. In Fig. 1 (right) the excluded (M h − M A ) regions have been plotted [18] . A particular point is excluded if it is excluded for 0.4 ≤ tan β ≤ 40 (darker grey region), 0.4 ≤ tan β ≤ 1 (lighter grey region), and 1 ≤ tan β ≤ 40 (hatched region) for all values α = ±π/2, ±π/4, 0. It is noticeable that a scenario with light h (or A) is not excluded if M A (or M h ) is large enough. In particular, if sin 2 (β−α) = 0, LEP is sensitive to this associated production if
Finally, the search for a light Higgs boson has been performed through the analysis of Yukawa processes and Higgs decays into τ , if 2m
. One of the results of this analysis is that M h, A ≤ 40 GeV are excluded for high tan β (tan β ≥ 60). We will discuss existing constraints together with new ones coming from our analysis in sec.6. 4 . In this context, important information on the available 2HDM(II) parameter space is expected from indirect searches on precision observables. In particular, from the Upsilon decay and g − 2 data, see eg. [15] .
Also global fits have been performed, combining the results coming from the different electroweak observables ρ, R b and b → γ [7, 8] (and also (g − 2) µ in [8] ), constraining large regions of the parameter space. Here, indirect searches of 2HDM(II) will be performed using leptonic τ decays data and the results will be compared with direct searches analysis coming from LEP and some low energy experiments. The implementation of leptonic τ decay data in global fits will be performed elsewhere.
Leptonic τ decays: data versus SM predictions
We consider the partial decay widths and branching ratios for the two leptonic decay channels of the τ -lepton:
τ → eν e ν τ and τ → µν µ ν τ .
We will denote the corresponding quantities using superscript l, l = e and µ, for example for the branching ratio we use Br l = Br(τ → lν l ν τ ). The '04 world averaged data for the leptonic τ decay modes and τ lifetime are [1] Br e | exp = (17.84 ± 0.06)%,
Note that the relative errors of the above measured quantities are of the 0.34-0.38 %, the biggest being for the lifetime. The SM prediction for these branching ratios can be defined as the ratios of the SM predicted decay widths to the total width as measured in the lifetime experiments, namely
Therefore, one can parametrise a possible beyond the SM contribution by a quantity ∆ l , defined as
In the lowest order of SM the leptonic decay width of the τ is due to the tree level W exchange, see Fig. 3 (left). Including the W-propagator effect and QED radiative corrections, the following results for the branching ratios in the SM are obtained (see also Sect. 4):
Together with the experimental data this leads to the following estimations for the possible beyond SM contributions to the considered branching ratios,
Using them we derive the 95% C.L. bounds on ∆ l , for the electron and muon decay mode, respectively:
One can see that the negative contributions are constrained more strongly that the positive one.
Leptonic τ decays in 2HDM
In the SM the leptonic τ decay, τ → lν l ν τ , proceeds at tree-level via the W ± exchange. The formula below describes this contribution in the Fermi approximation, with leading order corrections to the W propagator, and dominant QED one-loop contributions,
We will denote the SM contribution in short as Γ In a 2HDM there is in addition a tree contribution due to the tree-level exchange of the charged Higgs boson, Fig. 3 (right) . This new contribution is given by
where
Note that the second term, coming from an interference with the SM amplitude, is much more important than the first one, that is suppressed by a factor m 2 τ tan 2 β/8M 2 H ± , which can be compensated only by a very large tan β.
In 2HDM there are also one-loop contributions involving neutral as well as charged Higgs and Goldstone bosons. All these contributions are included in the G F scheme as follows:
where the first term corresponds to the SM prediction, Z Lf = 1 + δZ Lf are the renormalisation constants for the left component of the fermion f and Γ W ± loops corresponds to the one-loop corrections to the W ± exchange tree-level amplitude. The H + exchange tree level contribution and its one-loop and counterterm corrections are described by Γ H ± tree , Γ H ± loops and Γ H ± CT , respectively. The H ± contribution is numerically small and the radiative corrections to this amplitude will be neglected here. Taking this into account we will just consider the tree-level expression eq.(13), implying that
One-loop 2HDM(II) corrections
We evaluate, in the 't Hooft-Feynman's gauge, the one-loop contributions coming from a 2HDM(II) to the quantities ∆ l , using definitions and conventions for one-loop integrals of [21] . In this computation, we will take into account the fact that the charged Higgs and W ± masses are very large compared with the leptonic masses and external momenta, and we will neglect masses of muon and electron in the loop calculation. This means that the obtained loop corrections are universal, i.e. they do not depend whether decay into e or µ is considered, so ∆ µ oneloop = ∆ e oneloop = ∆ oneloop . Moreover, we will focus on large tan β enhanced contributions involving the Yukawa couplings of the charged leptons.
Renormalisation constants
In order to evaluate the 2HDM contribution to the fermion fields renormalisation constants, one has to compute the self-energies coming from the diagrams shown in Charged lepton self-energies. There are two kinds of contributions, involving the exchange of a neutral and charged boson, respectively. The second ones are numerically negligible since they are proportional to m
. Therefore we will consider the corrections coming from neutral Higgs and Goldstone bosons only. Since these corrections are proportional to m 2 l we will take into account just the contributions to the τ self-energy. Therefore, for dominating contributions at large tan β we obtain
where we use the following abbreviation
o contribution will be neglected since it is not tan β 2 enhanced.
Neutrino self-energies. In this case only the H + and G + contributions are involved and, since again these corrections are proportional to the mass of the lepton in the loop, we will just consider the corrections to the tauonic neutrino field renormalisation. We obtain
One-loop three-point contribution
The one-loop three-point diagrams contributing to ∆ in the 2HDM(II) are presented in Fig. 5 . We use here the following notations: 
These W ± lν l vertex corrections are proportional to the lepton mass and therefore we will consider only the radiative contributions to the W ± τ ν τ vertex. The different contributions coming from each diagram are as follows. (Fig. 5 left) 
The three last contributions can be neglected in the large tan β limit.
V − φ − l Loops. These contributions (Fig. 5, middle) are numerically negligible as do not contain any tan 2 β factor. Therefore, in our work
τ − ν τ − χ + Loops. We have computed these contributions (Fig. 5 , right) and checked that they decouple in the limit of very heavy charged Higgs boson and W + boson, as their leading terms in this limit are proportional to
One-loop box diagrams
The one-loop box diagrams also contribute to the τ leptonic decays, all of them involving the exchange of a charged Higgs boson or a W ± boson. They can be safely neglected due to the mass dimension of the D integrals that describe these diagrams, namely Since M H + and M W are very large, as compared to m τ , they will drive the mass dependence of the integrals, so M = M H + , M W . Therefore only the terms proportional to D µνργ do not decouple and give relevant contributions. However, in the considered case of τ decays there are no such contributions and we can neglect box diagrams altogether:
Final expression for one-loop contribution
Taking all this into account, the dominant diagrams in the limit of large tan β are reduced to the ones drawn in Fig. 6 and the contributions coming from these diagrams are
An easy to handle expression can be obtained from eq.(25) for M φ o ≥ m τ . Notice that no assumption on the Higgs spectrum is considered 5 . In this limit, we get
where R φ ≡ M φ /M H + and
Some useful limits of the F function are:
In the following we will use the expressions (25) and (27) to explore the phenomenological consequences of the large tan β enhanced 2HDM(II) radiative corrections to the leptonic τ decays. A comparison of results obtained using the exact and approximated formulae will be given below.
Results for some interesting scenarios
In some phenomenologically interesting scenarios, the expression (27) can be simplified. In the case of light h and sin 2 (β − α) = 0, ∆ does not depend on M H and two different assumptions can be made,
respectively. Notice that when LEP is insensitive to the h, because it does not couple to gauge bosons,∆ still depends logarithmically on its mass. If A is light and sin 2 (β − α) = 1, one obtains the same expression for ∆ that in the previous case but replacing h → A and A → H. Therefore any analysis with h light and sin 2 (β − α) = 0 can be easily extended to the case of light A on sin 2 (β − α) = 1. In a SM-like scenario, with light h, sin 2 (β − α) = 1 and very heavy, degenerate additional Higgs bosons,∆ is zero, showing clear decoupling. Note that this follows from the expression below, which hold for arbitrary sin(β − α) and degenerate h, A, H ± case:
6 Numerical analysis
In this section we analyse the dependence of the 2HDM(II) predictions described in previous sections for the leptonic τ decays on the different Higgs boson masses and mixing angles. First we stress that the one-loop contribution dominates the 2HDM(II) effects, being for ∆ e five orders of magnitude larger than the tree-level H ± contribution in the interesting region of parameter space, and one or two orders of magnitude larger for ∆ µ . Therefore, although we will include the whole contribution in the numerical analysis, the main features of the 2HDM effects are described by the one-loop correction in eq.(27). In the following only results for muon decay channel will be presented. However we stress that the obtained one-loop corrections are the same for both electron and muon channels.
As all results are proportional to tan β 2 , they will be plotted for tan β = 1, to be rescaled by tan β 2 . In eq.(27) there are two contributions, one coming from the charged Higgs alone and the other one involving also the neutral Higgs bosons. The former is always negative and it becomes more negative for a larger charged Higgs mass. The latter is always positive and it grows with the neutral Higgs masses. In this way the total 2HDM(II) radiative effects is the sum of two contributions of the same order and with different signs and therefore large corrections will appear when one of these contributions is dominating. Since the modulus of both corrections grow with the Higgs masses one expects large radiative effects in two cases: (i) heavy H ± and light φ o (large negative corrections) and (ii) light H ± and heavy φ o (large positive corrections). Taking into account the lower bound for M H ± coming from b → sγ, M ± H above 450 GeV, one expects to get larger radiative effects in case (i) only. Note that in this (i) case the∆ (loop contribution) is negative, as well as the tree-level H ± exchange, eq.(13). We will consider two scenarios of a special phenomenological interest: light scalar h and light pseudoscalar A.
Light scalar boson, h
Here we will consider a scenario with light scalar boson, h, M h below 114 GeV, and degenerate heavy Higgs bosons, with masses M A = M H = M H + = M, above 300 GeV. For such a light Higgs boson h, its couplings to gauge bosons are constrained as discussed in Sect. 1, lying between 0 and sin(β − α) 2 | max , and for very light Higgs bosons h we take sin(β − α) = 0. Note that for arbitrary sin(β − α) and degenerate h, A, H ± we have eq.(31). One can also consider here a case with SM-like Higgs boson H with couplings to the gauge bosons as for the SM Higgs, namely χ H V = 1 (corresponding to sin(β − α) = 0). It is reasonable to assume that it has a mass in the region expected for a SM Higgs boson, say M H = 115 GeV, although as follows from eq. (27) nothing depends on this mass. Contrary one gets here a clear dependence on mass of h,
The different contributions to ∆ are plotted in Fig. 7 (left) for M h = 5 and 70 GeV. The total results are plotted using solid lines, while the one-loop contributions using dashed lines, respectively. As can be seen, the H ± treelevel effect is important for low M but the one-loop radiative contribution becomes dominant for M ≥ 500 GeV. In particular the logarithmic dependence on M coming from the one-loop corrections is clearly seen. Notice that curves are plotted for sin 2 (β − α) = 0 and sin(β − α) 2 | max , the maximum value allowed by LEP data. For h mass equal to 5 GeV the results for sin 2 (β − α) between 0 and 0.02 can not be distinguished. The dependence of ∆ on the light Higgs mass can be seen by comparing the results for M h = 5 and 70 GeV, and explicitly in Fig. 7 (right) where the contributions for M A = 100 GeV, M H ± = 4 TeV, sin(β − α) = 0 are plotted as a function of M h . The 2HDM(II) loop corrections decrease logarithmically when increasing M h as described by eq.(32), so the lighter h the larger the radiative corrections. One can see that ∆ decrease linearly when increasing sin 2 (β − α), in agreement with eq.(31).
In the case with SM-like H we have sin 2 (β − α) = 0, then ∆ becomes insensitive to the value of M H , see eq.(27), as discussed already and all results obtained above in the sin 2 (β − α) = 0 case holds also here.
Light pseudoscalar, A
In the case where there is a light pseudoscalar, A, and M h = M H , the∆ does not depend on sin
so it looks similar to a previous case of light h with sin 2 (β − α) = 0 with obvious change M h to M A . Therefore we will not present the results corresponding to this case.
A light A scenario with an additional not very heavy h can also be studied. Here we choose the h mass to be equal to 115 GeV, the smallest M h that avoids a conflict with LEP data for any value of sin 2 (β − α), as presented in Fig. 1 In Fig. 8 the total contribution to ∆ is plotted in solid lines, while one-loop effects as dashed lines, respectively. Also in this case we can see that the one-loop radiative effects dominant for large M scale. The deviation from SM is larger for sin 2 (β − α) = 0. 
Comparison of exact and approximated results
Results coming from eq.(25) and from the approximation eq.(27) have been plotted together in all the figures, being clearly indistinguishable. Therefore, the easy formula eq.(27) can be used to describe the 2HDM(II) radiative corrections to the τ leptonic decays in the whole considered range of parameters.
Constraining 2HDM(II) by the τ data
In this section the constraints on 2HDM(II) parameters in different scenarios from the leptonic τ decay data will be obtained. The complementarity between LEP processes used for direct searches of light Higgs bosons and indirect searches through leptonic τ decays will be exploited to explore "pessimistic" scenarios for direct searches. In particular the case sin 2 (β − α) = 0 will be studied since in this scenario Higgsstrahlung and VV fusion processes for h are suppressed. Experimental limits on ∆ derived by us in the sec. 3 allow to set upper bounds on tan β for light M h or M A scenarios. We provide also exclusion for (M h , M A ) plane for various tan β and sin(β − α).
We also obtain new lower and upper bounds on the charged Higgs mass as a function of tan β from τ decays.
Bounds on the Yukawa couplings of the lightest neutral Higgs bosons
The upper limits limits on tan β (Yukawa coupling) for light M h and light M A scenarios are shown in Fig. 9 , and 10, respectively. In this "pessimistic" scenario of sin 2 (β − α) = 0, leptonic τ decay data can be exploited to set upper limits on couplings as a function of M h , that one can compare with limits coming from other processes.
In fig. 9 one sees how leptonic tau decay data constrain the Yukawa coupling for h for sin(β − α) = 0. Independently what is assumed about other Higgs particles these data provide constraints in region unaccessible by other experiments, for mass above 45 GeV.
As a opposite case with a light Higgs boson one can consider the case with sin 2 (β − α) = 1. In this case M h ≥ 114 GeV, from LEP data, but hA production is suppressed and therefore the pseudoscalar Higgs boson can be light, subject to the constraints from the Yukawa process with ffA final state. Also in this case, leptonic τ decays can be used to set bounds on the Yukawa coupling as a function of M A , see Figs. 10. The right panel shows the region around mass of A equal 10 GeV.
Constraints on a low M A &M h scenario
An scenario with both light h and A will be also of phenomenological interest. Since ∆ can be large for low M h and M A , the leptonic τ decay data can be used to set constrains in this scenario in the M h − M A parameter space. The comparison of these constraints with the ones coming from direct searches will reveal the importance of indirect searches in τ decays. In Fig. 11 , the constrained regions in the M h −M A plane for sin 2 (β−α) = 0 are showed, to be compared to Fig.1 , right. These regions, symmetric in M h and M A , constrain the possibility of both h and A being very light. For large values of M H ± and tan β the 2HDM(II) effects can be very large and some of the regions of the parameter space allowed by direct searches can be forbidden by indirect effects on τ data. In order to show this point, the lines M h + M A = 130 GeV and M h , M A = 40 GeV has been plotted in Fig. 11 as an evaluation of the limit coming from LEP searches through associate production and Yukawa processes, respectively.
Constraints on the mass of charged Higgs boson
¿From the leptonic tau decays one can derive the limits on mass of charged Higgs boson as a function of tan β. This is a standard source of limits for charged Higgs boson mass, what can be found in almost all papers devoted to this subject -both theoretical and experimental ones. Such derivation is based on the tree level contribution for the muon channel, see eg [1] .
If, as in all previous analysis, one uses only the tree-level contribution (for muon) then the following lower limit is obtained based on current ∆ µ value. Using the lowest value for 95% CL deviation from SM prediction (Eq. 8) one gets M to be compared to the corresponding results from [22] , [23] , with a coefficient 1.86 6 and 1.4, respectively. This is nothing else, up to the lepton mass ratio, what issued as the Michel parameter η for the 2HDM (II).
However, we know that the loop effects are more important than the tree contribution, and one can not neglect them in the derivation of the constraints. Since ∆ oneloop grows with M H ± , it allows to put upper bounds on M H ± in scenarios with light neutral Higgs bosons. In particular, for sin 2 (β−α) = 0, ∆ goes as ln(M H ± /M h )+ln(M H ± /M A ) and therefore stronger upper bounds will be obtained for light h and A.
In Fig. 13 , left the lower and upper bounds on M H ± has been plotted as a function of tan β, as obtained from the tree H + exchange diagram only and from loop contribution only, respectively. The loop contribution are plotted for sin(β − α) = 0 and various mass of h, 5, 20 and 100 GeV, assuming degeneracy in masses of A and H + . Upper limits coming from loop are plotted both for the muon and electron decay channels, the limits from electron one is slightly weaker (dashed (green) lines). The relevant limits from the tree H + contribution is obtained only from muon channel, this is presented in the figure. The lower bound coming from b → s analysis is also shown for a comparison. Based on results presented in Fig. 13 the restrictions can be set on M H ± for large values of tan β (tan β ≥ 60). In particular, in a scenario with light h and not so heavy A, M H ± should be lower than 3 TeV for tan β = 65. Although large values of tan β are required, this upper bound to the charged Higgs mass is important due to the difficulty on setting upper bounds on masses of undiscovered particles.
Conclusions and Summary
In this work we have computed the 2HDM(II) radiative corrections to the leptonic τ decays. As a first result we have obtained that this radiative effects are larger than the tree-level H ± contribution in the relevant regions of the parameter space. Our analysis has been focused on the tan β enhanced contributions and an easy-to-handle formula has been computed describing these one-loop effects in the approximation of Higgs masses larger than the τ mass. This formula allows us to study all the 2HDM parameter space in an intuitive way.
After the numerical analysis of the corrections, the constraints on the 2HDM(II) parameters from the leptonic τ decay data have been obtained in different scenarios. In particular the "pessimistic" scenarios for direct searches of light Higgs bosons at LEP have been intensively analysed. From this analysis we have computed upper limits on the Yukawa couplings for both light h and light A scenarios, constraining also the low M h &M A scenario. We have derived new lower limits on M H ± , different from the ones coming from the analysis of tree-level effects, and we have also obtained interesting upper limits on M H ± as a function of tan β.
Therefore, from this analysis, one can conclude that leptonic τ decay data constrains 2HDM(II) scenarios with large tan β, heavy H ± and light neutral Higgs bosons. As a final example, we plot in Fig. 14 the upper limits for A from tau decay and the allowed region from the newest g − 2 for muon data, in comparison all other existing limits. Degenerate masses of h, H, H + were assumed equal to 1 and 4 TeV, upper and lower lines respectively. 
